D
uring the past decade, payers, providers, and health systems have increasingly focused on closing the quality chasm for health care in the United States. Heart failure (HF) is a classic depiction of the challenges involved in delivering high-quality care within our current healthcare environment. More than 5 million Americans have HF, and treatment for HF costs are ≈$31 billion annually. 1 Despite the prevalence of this common and costly condition, delivery of evidence-based HF care varies significantly across hospitals, as do HF patient outcomes.
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Improving adherence to evidence-based recommendations has been the focus of large quality improvement initiatives, such as the Get With The Guidelines-Heart Failure (GWTG-HF) program. 5 GWTG-HF began in 2005 and provides clinical decision support tools, educational materials oriented to patients and providers, and the ability for hospitals to compare performance against local, regional, and national benchmarks. Recent data suggest that hospitals participating in GWTG-HF have better processes of care compared with hospitals that are not participating in the program. 6 We sought to evaluate whether quality of care could be further improved by providing sites with personalized performance feedback. To test the effect of our intervention, we performed a cluster-randomized trial. We hypothesized that sites receiving the intervention would have improved performance on achievement measures and quality metrics compared with sites that did not. coronary artery disease, HF, and stroke. GWTG-HF specifically assists hospitals in improving the care of patients with HF.
GWTG-HF collects data on 188 variables, including patient demographics, medical history, in-hospital treatments, and discharge treatments. Institutions submit information either on consecutive patients or by random sample (a sample is permitted if the institution has a large volume of patients [ie, >75 cases per year]) using an online interactive case report form and Patient Management Tool (Quintiles, Cambridge, MA). From the submitted data, GWTG-HF provides hospitals with real-time, quality improvement, and guideline adherence reports that are easily available online by site request.
Institutions participating in GWTG-HF are required to comply with local regulatory and privacy guidelines and to obtain institutional review board approval, when necessary. Because the data are used primarily at the local site for quality improvement, sites are granted a waiver of informed consent under the common rule for usual GWTG-HF practices and for this intervention. Quintiles (Cambridge, MA) serves as the registry coordinating center, and the Duke Clinical Research Institute (Durham, NC) serves as the data analysis center. Institutional review board approval was granted to analyze aggregate deidentified data for research purposes.
Participating Hospitals
All 434 hospitals participating in the GWTG-HF program were invited to participate in the study via email and were provided with the ability to opt out of participation. Of the 434 hospitals, 75 (17%) declined participation or did not have available contact information to receive an invitation. Of the remaining 359 hospitals, 165 (46%) had at least 30 patient records for the preceding 12 months and at least 1 admission per quarter. These hospitals were randomized on a 1:1 basis to the control or intervention arm. The study design is displayed in Figure 1 .
Study Intervention
For this study, the control hospitals continued to receive access to the usual on-demand reports, GWTG-HF quality improvement tools, and publicly available GWTG-HF webinars. These reports continued to be available on request but were not actively pushed to the sites on a routine basis. These reports also focused on composite and specific metrics based on recommendations from the 2006 American College of Cardiology/American Heart Association Clinical Performance Measures (evaluation of left ventricular systolic function, angiotensin-converting enzyme inhibitor/angiotensin receptor blocker use, anticoagulants use for patients with atrial fibrillation, discharge instructions, and smoking cessation). 8 Our intervention added to the current baseline reports with personalized quality improvement reports pushed directly to the site by email each quarter, as well as tailored teleconferences, webinars, and specialized tool kits. The personalized reports were designed to describe the site's HF patient population compared with other GWTG-HF hospitals, highlight performance on both GWTG-HF achievement measures and 9 GWTG-HF quality metrics (Outcomes section), 8, 9 WHAT IS KNOWN
• The delivery of evidence-based heart failure care varies significantly across hospitals, as do patient outcomes.
• There is limited evidence defining the best methods to improve adherence to evidence-based recommendations.
WHAT THE STUDY ADDS
• We performed a cluster-randomized trial of personalized site feedback on adherence to quality metrics at hospitals participating in the Get With The Guidelines-Heart Failure quality improvement program.
• Our intervention provided sites with specific data on their heart failure achievement and quality measures in addition to the usual Get With The GuidelinesHeart Failure tools but was not able to elicit more quality improvement beyond that already associated with participation in the Get With The GuidelinesHeart Failure program.
• Our study demonstrates the feasibility and importance of a rigorous evaluation of quality improvement interventions and highlights the low adherence rates to many discharge quality measures including the use of aldosterone antagonists, cardiac resynchronization therapy, and implantable cardioverter defibrillators.
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• GWTG-HF quality improvement on-demand reports
• GWTG-HF quality improvement tools and webinars
Intervention † N=83 Hospitals
• Premier site data reports Figure 1 . Flow diagram of the study design. This figure displays the initial study population, through exclusions, to the final study population. *Get With The Guidelines-Heart Failure (GWTG-HF) hospitals with >30 patient records over the preceding 12 months and >1 admission per quarter were eligible for the study. †Hospitals in the intervention arm also continued to receive access to GWTG-HF quality improvement reports, tools, and webinars.
and to suggest process improvement targets based on site adherence trends during the past year compared with other GWTG-HF hospitals in the region and nation-wide ( Figure 2 ). GWTG-HF project coordinators and quality improvement leaders at each site were then invited to webinars. The webinars were conducted by a study coordinator and clinician and were designed to provide education on the personalized reports and the newer process measures. The webinar presentations also stressed the importance of accurate data collection, offered general suggestions for quality improvement, and provided a forum for quality improvement leaders to network and share experiences on successful improvement strategies. The lowest performers (bottom 25% of intervention sites for the opportunity-based composite score) were also targeted with additional phone calls and webinars to develop solutions for improvement. The specialized tool kits were administered to all intervention sites and provided resources, such as patient instructions and order set templates.
Outcomes
The prespecified primary outcome of the study was improvement in an opportunity-based composite score for adherence to 5 achievement measures and 9 quality measures that were based on published quality performance measures. 8, 9 The opportunity-based composite score counted the number of times a quality metric was performed and divided by the total number of instances in which care processes were required. This is in contrast to the defect-free composite score that counted the number of patients that received all achievement and quality measures divided by the total number of patients eligible for these measures. 10 For both composite scores, we specifically assessed 5 GWTG-HF achievement measures: (1) angiotensin-converting enzyme inhibitor/angiotensin receptor blocker prescription at discharge in patients with a left ventricular ejection fraction (LVEF) <40%; (2) β-blocker prescription at discharge in patients with an LVEF of <40%; (3) discharge instructions addressing activity level, diet, discharge medications, follow-up appointment, weight monitoring, and how to respond to a change in symptoms; (4) LVEF assessment performed or planned for after discharge; and (5) current or recent smokers who received smoking cessation advice or counseling during a hospital stay. We also specifically assessed 9 GWTG-HF quality metrics: (1) aldosterone antagonist prescription at discharge in patients with an LVEF of <40%; (2) anticoagulation prescription at discharge for patients with atrial fibrillation; (3) cardiac resynchronization therapy placed or prescribed at discharge in patients with an LVEF of <35% and a QRS of >120 ms without reason for exclusion; (4) use of deep vein thrombosis prophylaxis by the end of hospital day 2 in patients with HF who were nonambulatory; (5) evidence-based specific β-blockers (ie, bisoprolol, carvedilol, and metoprolol) at discharge; (6) hydralazine and nitrate combination use in black patients with an LVEF of <40% and no contraindications; (7) implantable cardioverter defibrillator placed or prescribed at discharge in patients with an LVEF of <35% without reason for exclusion; (8) influenza vaccine administration before discharge during flu season; and (9) pneumococcal vaccine before discharge. Secondary outcomes for the study included improvements in a defect-free composite score and in-hospital mortality.
Statistical Methods
All statistical analyses of the aggregate deidentified data were performed by the Duke Clinical Research Institute using SAS software Figure 2 . Selected data from a deidentified site report. This figure displays selected data from a deidentified site report. Reports were designed to describe the local heart failure (HF) population relative to other GWTG-HF hospitals (A and B), compare performance on both achievement measures and quality metrics (C), and (D) demonstrate trends in hospital care over time (blue circles) benchmarked against Get With The Guidelines-Heart Failure (GWTG-HF) regional (green triangles) and national (yellow squares) hospitals. ACE-I indicates angiotensin-converting enzyme inhibitor; Afib, atrial fibrillation; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CRT-D, cardiac resynchronization therapy defibrillator; and CRT-P, cardiac resynchronization therapy pacemaker. July 2015 (version 9.3; SAS Institute, Cary, NC). Calculation of the sample size was based on the expected improvement in opportunity-based composite scores. The planned enrollment of 160 hospitals was estimated to provide 98% power to detect a difference between groups, assuming 400 care opportunities per hospital, of 7.5%. This calculation was based on hospital-aggregated summary data instead of one observation per care opportunity and used the Wilcoxon signed-rank test and a 2-sided α of 0.05.
We randomized 165 sites. Of these, 12 sites had <10 patients during the baseline quarter (Q4 2009) and 6 sites (3 in the control group and 3 in the treatment group) did not contribute any patients in the follow-up quarter (Q4 2011). We had no reason to think our intervention or the lack of intervention would affect a site's participation in GWTG-HF, and we assumed this missing data pattern was missing completely at random and excluded these sites. Therefore, 147 sites were available for our analysis (Figure 1) .
Baseline patient and hospital characteristics were summarized for the control and treatment groups. Continuous variables were reported as medians and 25th and 75th percentiles and categorical variables as counts and percentages. Hospital-level aggregated percentages were calculated for each measure and reported as means with SEs. Some sites did not have patients eligible for each measure in every quarter. For these sites, we imputed missing data using multiple imputation involving treatment group and all measures in all 6 study period quarters. We imputed all measures, including the composite, at once. Twenty imputations were performed with a maximum number of iterations set at 25 000. We assumed that the missing data pattern was missing completely at random, and Markov chain Monte Carlo methods with ridge priors were used.
At the conclusion of the study, we noted small imbalances in the baseline quality metrics and opportunity-based composite scores. We also noted that patient opportunities varied by site. Our final analysis assessed for differences in the absolute change from the baseline quarter (Q4 2009) to the follow-up quarter (Q4 2011) between control and treatment groups using linear regression weighted by the total site size during the study period.
In a sensitivity analysis for the 6 sites not contributing patients in the follow-up quarter, we used multiple imputation of the outcome with fully conditional specification methods given baseline patient and hospital characteristics. Results reflect the summary of 25 imputations accounting for uncertainty because of nonresponse.
Results
The study was conducted from October 1, 2009 to March 31, 2011 and included data from 71 829 patients hospitalized for HF at a total of 147 hospitals (74 controls and 73 interventions) across the United States. Patient characteristics are shown in Table 1 . There were no major differences between patients at hospitals randomized to the control or the intervention, although small differences were noted in the medical history. Patients in the control group were more likely to have a history of HF, ischemia, diabetes mellitus, hyperlipidemia, hypertension, and chronic kidney disease. Hospital characteristics are shown in Table 2 . There were more hospitals in the Western United States in the intervention arm and more hospitals in the Southern United States in the control arm.
The baseline adherence to achievement measures and quality metrics along with absolute change over the study period are displayed in Table 3 . The mean baseline performance on achievement measures, such as β-blocker prescription at discharge in patients with an LVEF of <40%, and discharge instructions were similar in the control and intervention groups. In contrast, the baseline performance on quality metrics was different in the 2 groups. Cardiac resynchronization therapy use was lower in the control group, but the use of deep vein thrombosis prophylaxis, hydralazine and nitrate medications, implantable cardioverter defibrillators, influenza vaccines, and pneumococcal vaccines was higher in the control group. The baseline overall composite scores were similar in both groups, but the mean opportunity-based score across hospitals was higher in the control group (61.1% versus 56.6%). The baseline inpatient mortality rates were similar in both groups.
The primary outcome for the trial was the change in the overall opportunity-based composite score. The absolute change in the opportunity-based score was slightly larger in the control group than the intervention group (+3.18 compared with +0.31 percentage points), although there was no statistical difference (P=0.21) between the 2 groups. The estimated treatment effect in our model was -2.87 favoring the control although the 95% confidence interval (−7.32 to 1.58) included zero. Similarly, for the defect-free score, the improvement was slightly larger in the control group than the intervention group (+4.50 compared with +1.14 percentage points; P=0.31), and the estimated treatment effect favored the control, −3.36, although the 95% confidence interval (−9.88 and 3.17) again included zero. For the achievement measures, the absolute scores had small increases over time in both groups for most measures, but there were no statistical differences between the groups. For the quality metrics, the absolute changes over the study period favored the control group for 8 of the 9 metrics, but there were no statistical differences between the groups. The inpatient mortality rates remained stable over time with no significant changes in either group. Given that the lowest performers at baseline (bottom 25%) received a slightly different intervention, we also looked for improvement in that subgroup. There was no statistical difference in improvement between these groups for the overall opportunity-based score (absolute change, +8.66 versus +5.86 percentage points in the control group; P=0.62). In a sensitivity analysis with multiple imputation of the outcomes for the 6 sites with no patients in the follow-up quarters, we noted no qualitative changes in the composite score or individual achievement or quality measures.
Discussion
Several hospital-based quality improvement programs, including GWTG-HF, have helped improve HF quality of care, 11 yet significant gaps and variations in HF care persist. [2] [3] [4] 6, 12 Our study evaluated whether a novel intervention of personalized performance feedback could improve performance of HF achievement measures and quality metrics above current levels at hospitals participating in GWTG-HF. The intervention specifically focused on pushing detailed reports on a quarterly basis to quality leaders at sites that provided detailed information on both standard HF achievement measures and newer quality metrics. In an environment with existing quality improvement efforts, we did not find that a more tailored intervention improved the overall composite quality score nor did we find that it significantly changed any of the achievement or quality measures. However, our study demonstrates the feasibility and importance of a rigorous evaluation of quality improvement interventions and highlights the low adherence rates to many discharge quality measures, including the use of aldosterone antagonists, cardiac resynchronization therapy, and implantable cardioverter defibrillators.
Our study adds to the literature on hospital-based interventions to improve the quality of care for patients with HF. The Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF) was one of the first large-scale national quality improvement registries for patients with HF, which was associated with increased use of evidence-based therapy and adherence to quality measures. 13 Similar to the current GWTG-HF program, this program provided feedback on specific HF quality measures and provided general quality improvement tools and education. In contrast, our intervention added to this by providing personalized and tailored feedback on specific quality measures with poor performance. The Enhanced Feedback for Effective Cardiac Treatment (EFFECT) study assessed whether publicly released hospital report cards could improve hospital quality of care for patients hospitalized with acute myocardial infarction or congestive HF in Ontario, Canada. The investigators found no improvement in a composite score of 6 HF performance measures.
14 Nevertheless, the EFFECT study (like ours) highlights the importance of conducting a rigorous evaluation to assess the effect of quality improvement interventions before widespread dissemination of these interventions.
The reasons our intervention was not successful are not entirely clear. One possibility is that hospitals participating in GWTG-HF have previously been shown to have higher compliance with quality of care measures than those not participating in the program. 6 Our intervention may have had a larger and more discernible effect if tested in hospitals that are not already participating in GWTG-HF. In addition, even control GWTG-HF hospitals may have already implemented programs to improve the targeted measures before randomization. A thorough assessment of ongoing quality improvement efforts before implementation of the intervention may have been helpful. Another possibility is that the study follow-up was not long enough to detect a change in performance. Our intervention provided information and did not mandate behaviors, allowing for local experimentation with innovations most useful to the local healthcare environment. This process may take months of planning, implementation, and improvement through different iterations before noting a change, although this is speculative. Future interventions that provide performance feedback should consider eliciting organizational readiness to act on this data at the onset of the study. Our study was designed to improve local HF care delivery, yet the reports were designed at a national level. Finally, it is possible that our intervention did not provide actionable information at a local level and that soliciting feedback from local quality improvement leaders during initial study planning or the initial rollout phase may have improved the quality of the feedback and the success of the intervention.
Improving the quality of care for patients with HF is an essential goal, but the results of our study raise questions about best practices for hospital-based quality improvement interventions. Our study highlights that providing additional COPD indicates chronic obstructive pulmonary disease; CRT, cardiac resynchronization therapy; HF, heart failure; ICD, implantable cardioverter defibrillator; IQR, interquartile range; LOS, length of stay; LVEF, left ventricular ejection fraction; and TIA, transient ischemic attack.
*History of ischemia includes the following: coronary artery disease, previous myocardial infarction, or previous revascularization (percutaneous coronary intervention or bypass surgery).
†Transfers in and out of the hospital were excluded. information on quality performance alone may not necessarily translate to better performance, an important lesson for quality improvement efforts. Unfortunately, we did not collect data on interventions implemented as a result of our feedback and cannot comment on the efficacy of local interventions. Our study also highlights that more work is needed to identify performance measures that can be reliably assessed and accurately reflect the quality of care provided to patients with HF. Furthermore, additional studies are needed to better understand the effect of policies that are designed to improve quality. Our study had several limitations. First, GWTG-HF is conducted at a wide range of hospitals throughout the United States. Nevertheless, the GWTG-HF program is voluntary and participation may select for hospitals where quality improvement initiatives are already active, consequently making interventions like ours less effective. Second, despite randomization, conformity with many of the quality metrics was different at baseline. Third, the available sample size (<75 hospitals in each arm) may have been inadequate to detect small improvements in the composite quality of care scores. We initially intended to analyze 160 hospitals and estimated 98% power to detect a difference of 7.5% in the primary end point, what we determined to be a clinically meaningful difference. Given the nature and scope of the intervention though even smaller improvements could have a large public health effect. Finally, we were unable to determine why certain treatments were not used in eligible patients despite targeted feedback; this gap in understanding needs to be investigated in future research.
In conclusion, reliably incorporating evidence-based recommendations into routine clinical care in eligible patients remains an elusive but important goal. Our study demonstrates the importance of scientific evaluation of quality ‡Placed or prescribed at discharge in patients with an indication and no reason for exclusion. For ICD, this included an LVEF of <35%, and for CRT, this included an LVEF of <35% and a QRS of >120 ms.
§Use of bisoprolol, carvedilol, or metoprolol at discharge. ║For black patients with an LVEF of <40% and no contraindications. #Overall composite scores were calculated using both achievement and quality measures. The opportunity-based score was the primary outcome of the trial and was calculated from the number of times a quality metric was performed and divided by the total number of instances required, and the defect-free score was calculated from that number of patients that received all achievement and quality measures divided by the total number of patients eligible.
improvement efforts before widespread adoption through rigorously designed and well-controlled studies. Lessons from this trial can be used to better inform hospital-based quality improvement interventions in the future and for evidence development for other strategies of care that are deployed at the hospital-level.
